Sage grouse populations declined in several western states from the 1950s through the 1980s (Crawford and Lutz 1985, Klebenow 1985) . In Oregon, the decrease in abundance of sage grouse was attributed to impaired productivity (Crawford and Lutz 1985) . Reduced productivity may result from several factors, including excessive nest predation (Autenrieth 1981:39) . Batterson and Morse (1948) and Nelson (1955) identified predation as the primary factor directly influencing sage grouse nesting success in Oregon. Although predators may be the immediate cause of nest loss, the amount and composition of vegetational cover at nests may influence predation (Bowman and Harris 1980, Redmond et al. 1982) . We hypothesized that predation of sage grouse nests in Oregon was related to amount and composition of vegetational structural components surrounding nests. Our objective was to identify vegetational characteristics at nonpredated and predated sage grouse nest sites in comparison with randomly selected locations in 2 areas of southeastern Oregon.
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STUDY AREAS
We conducted the study in 2 areas of southeastern Oregon: Hart Mountain National Antelope Refuge (Lake County) and Jackass Creek (Harney County). Topography of both areas consisted of flat sagebrush plains interrupted by rolling hills, ridges, and draws. Elevations ranged from 1,500 to 2,450 m at Hart Mountain and from 1,200 to 1,700 m at Jackass Creek. Mean maximum temperature (Mar-Aug) was 21 C at Hart Mountain and 24 C at Jackass Creek. Annual precipitation averaged 29 cm in both areas.
Vegetation Hitchcock and Cronquist [1987] ).
METHODS
From summer 1988 through spring 1991, we captured (Giesen et al. 1982) female sage grouse during July-August near watering areas and during March-April on and near leks. We fitted each hen with an aluminum leg band and a poncho-mounted, solar-powered radio transmitter with a nickel-cadmium battery (Amstrup 1980) . The radio package (radio and poncho) weighed approximately 25 g. Juvenile females captured during summer were not marked with radios. We monitored radio-marked hens 3 times weekly throughout the nesting season with a hand-held antenna and portable receiver. When monitoring indicated a hen initiated a nest, visual confirmation was made without intentionally flushing the hen. Subsequently, we monitored hens remotely to avoid disturbance. When monitoring indicated a hen had ceased nesting efforts, we determined nest fate. We classified nests as non predated if ;:: 1 egg hatched or if incubation exceeded 30 days. Predated nests were identified by the presence of firmly attached shell membranes in broken eggs or by missing eggs.
We measured vegetation in a 78-m 2 area (circular area with a radius of 5 m) at non predated nest sites after completion of incubation and at predated nest sites on predicted hatch dates. We measured vegetation at randomly selected locations during early May. We located random sites with a random numbers table, which was used to determine starting points, compass bearing, and distance traveled. The number of random locations sampled in each study area was determined by canopy cover of sagebrush and sample size requirements (Snedecor and Cochran 1967:516) . We measured canopy cover (%) of shrubs by line-intercept (Canfield 1941 ) along 2 10-m perpendicular transects intersecting at the nest or random location. The position of the first transect was determined from a randomly selected compass bearing. We placed each intercepted shrub into 1 of 3 height classes: short «40 em), medium (40-80 cm), or tall (>80 cm). We based height classes on results of previous studies (Nelson 1955 , Wallestad and Pyrah 1974 , Autenrieth 1981 :17, Wakkinen 1990 . Canopy cover of shrubs was recorded separately for each height class. We estimated cover (%) of forbs and grasses in 5 20-x 50-cm plots spaced equidistantly along each transect (Daubenmire 1959). We measured maximum droop height (excluding flowering stalks) of grasses at the nest bush and at random locations throughout each study area and classified grass genera as short «18 cm) or tall (>18 cm), following results of Wakkinen (1990) . We identified shrubs to species and forbs ~nd grasses to genus.
To determine the relationship between vegetational features and predation of sage grouse nests, we apportioned the 78-m 2 area in which vegetational measurements were taken at each nest into 2 components: a 3-m 2 area at the nest and a 75-m 2 area immediately surrounding the nest. We used a factorial analysis of variance (ANOVA) and Student-Newman-Keuls multiple range tests adjusted for unequal sample sizes (Zar 1974:154) to compare vegetational characteristics among plot types (nonpredated nest and nest area, predated nest and nest area, and random location). Study area and year were additional factors in the ANOV A model to account for variation associated with spatial and tem-poral differences. The only interactions were those for plot type by study area for forb (P = 0.009) and tall grass (P < 0.001) cover. However, individual ANOV As coupled with Student-Newman-Keuls multiple range tests for these 2 variables by study area revealed identical patterns of mean separation, which indicated that these vegetational characteristics were not confounded by study area. Consequently, we assumed plot type was independent of study area. We detected no other interactions for any vegetational characteristic. Pearson correlation coefficients were used to test for intercorrelation among variables. All data were normallv distributed, and we considered results significant if P ::s 0.05.
RESULTS
During 3 years, we located 124 sage grouse nests (57 at Hart Mountain and 67 at Jackass Creek); 18 of these were non predated (11 and 7 at Hart Mountain and Jackass Creek, respectively). Sage grouse nested in big sagebrush, low sagebrush, and mixed sagebrush (mosaic of big and low sagebrush) stands. Of 18 nonpredated nests, 13 were in big sagebrush stands, whereas only 3 and 2 nonpredated nests were in low and mixed sagebrush stands, respectively. Ninetyfour percent of all nests from radio-marked hens were under sagebrush. Other vegetation used for nesting included rabbitbrush (n = 5), bitterbrush (n = 1), and giant wildrye (n = 1). Sagebrush collectively represented 87% of the shrub component in both study areas. Other shrubs included bitter-brush (6%), rabbitbrush (4%), horsebrush (Tetradymia spp.) (1%), and mountain snowberry (Symphoricarpos oreophilus) (1 %). Tall grass genera included giant wildrye, wheatgrass, fescue, and needlegrass. Short grass genera consisted of bottlebrush squirreltail, junegrass (Koleria cristata), brome (Bromus spp.), and bluegrass.
Cover of tall grasses was greater (P < 0.001) at non predated nests than at predated nests or random locations (Table 1) . No differences in grass cover were detected between predated nests and random sites. Except for one case, tall grasses at nonpredated nests were composed of residual cover.
For all nests, shrub cover of medium height was greater (P < 0.001) at nests than in the immediate area surrounding nests or random locations Cfable 1). However, cover of medium height shrubs was greater (P < 0.001) at nonpredated nests than at predated nests. Furthermore, the immediate area surrounding non predated nest sites had greater (P < 0.001) cover of medium height shrubs than random locations. Shrub cover of short height was greater (P = 0.02) at predated nests than at random locations. Amount of tall grass was not correlated with short (r = -0.06) or medium (r = 0.12) shrub cover.
DISCUSSION
We found a relationship between vegetational cover and predation of sage grouse nests. Nonpredated nests had greater cover of tall, residual grasses and medium height shrubs than predated nests. No previous research demonstrated the value of residual grass cover at sage grouse nests, although its importance was suggested by Pyrah (1971) and Wakkinen (1990) . Wakkinen (1990) reported data about grass height and nest fate but found no relationships. Our data, however, indicated that tall, residual grass cover may enhance sage grouse nest success. Grass cover was identified as an important nesting habitat component for other galliformes, including California quail (Callipepla californica) (Leopold 1977: 168) , Attwater prairie-chickens (Tympanuchus cupido attwateri) (Lehman 1941:14) , and plains sharp-tailed grouse (T. phasianellus jamesi) (Hillman and Jackson 1973:24) . Lehman (1941: 14) noted that all prairie-chicken nests he located were in residual grass cover. The presence of tall, residual grass cover influenced nest site selection and nest predation rates of gray partridge (Perdix perdix) in Great Britain (Rands 1982) .
We also demonstrated the importance of medium height shrub cover to successful nesting sage grouse. Wallestad and Pyrah (1974) found that successful nests had greater sagebrush cover than unsuccessful nests. Contrastingly, Autenrieth (1981:20) and Wakkinen (1990) found no relationship between canopy cover of sagebrush and nest fate. Hulet et al. (1986) reported that successful nests were located in areas of less shrub cover and shorter height sagebrush than nests that were predated.
Tall, dense, vegetational cover may provide scent, visual, and physical barriers between predators and nests of ground-nesting birds (Bowman and Harris 1980 , Redmond et al. 1982 , Sugden and Beyersergen 1987 , Crabtree et al. 1989 . Greater amounts of tall grasses and medium height shrubs at successful sage grouse nests likely provided the lateral and overhead concealment needed for security from predators. Nests lacking adequate cover were more likely to be predated. Our results confirmed the hypothesis of a relationship between vegetational cover and predation, but further investigation, in the form of controlled experimental tests, is needed to elucidate this principle.
MANAGEMENT IMPLICATIONS
Land management practices that decrease tall grass and medium height shrub cover at potential nest sites may be detrimental to sage grouse populations because of increased nest predation. Livestock grazing remains the most common and widespread use of rangelands in Oregon and is the principal land management practice and proximate factor that affects grass cover and height (Rickard et al. 1975 ). Grazing of tall grasses to < 18 cm would decrease their value for nest concealment. Land management practices that affect medium height shrub cover include eradication of sagebrush for agricultural production, increased livestock forage, urban development, and mining activities (Klebenow 1972 (Klebenow , 1985 Braun et al. 1977 
